The role of salicylic acid in iron metabolism was examined in two wild-type strains (mc 2 155 and NCIMB 8548) and three mutant strains (mc 2 1292 [lacking exochelin], SM3 [lacking iron-dependent repressor protein IdeR] and S99 [a salicylate-requiring auxotroph derived in this study]) of Mycobacterium smegmatis. Synthesis of salicylate in SM3 was derepressed even in the presence of iron, as was synthesis of the siderophores exochelin, mycobactin, and carboxymycobactin. S99 was dependent on salicylate for growth and failed to grow with the three ferrisiderophores, suggesting that salicylate fulfills an additional function(s) other than being a precursor of mycobactin and carboxymycobactin. Salicylic acid at 100 g/ml repressed the formation of a 29-kDa cell envelope protein (putative exochelin receptor protein) in S99 grown both iron deficiently and iron sufficiently. In contrast, synthesis of this protein was affected only under iron-limited conditions in the parent strain, mc 2 155, and remained unaltered in SM3, suggesting an interaction between the IdeR protein and salicylate. Thus, salicylate may also function as a signal molecule for recognition of cellular iron status. Growth of all strains and mutants with p-aminosalicylate (PAS) at 100 g/ml increased salicylate accumulation between three-and eightfold under both iron-limited and iron-sufficient growth conditions and decreased mycobactin accumulation by 40 to 80% but increased carboxymycobactin accumulation by 50 to 55%. Thus, although PAS inhibited salicylate conversion to mycobactin, presumptively by blocking salicylate AMP kinase, PAS also interferes with the additional functions of salicylate, as its effect was heightened in S99 when the salicylate concentration was minimal.
Mycobacterium smegmatis, a saprophytic mycobacterium, secretes two extracellular siderophores (exochelin and carboxymycobactin) and has an intracellular siderophore termed mycobactin (28, 30) . De Voss et al. (8) demonstrated the importance of the siderophores mycobactin and carboxymycobactin in M. tuberculosis by showing that a mutant incapable of producing these two siderophores failed to grow within macrophages. Carboxymycobactin is structurally related to mycobactin but is probably not derived from it (2) . While carboxymycobactin is the sole extracellular siderophore of pathogenic mycobacteria (30) , it is only a minor one in saprophytic mycobacteria, which use exochelin as the major siderophore for iron acquisition (28) . Salicylic acid is produced extracellularly by most mycobacteria in greatly increased quantities (up to 17 g/ml) when grown under iron-deficient conditions (28, 33) as opposed to iron-sufficient conditions. Although salicylate is a precursor of mycobactin (31), mycobactin could not spare the requirement for salicylate in a salicylate-requiring auxotrophic mutant of M. smegmatis (32) , suggesting that salicylate fulfills a second but unknown role in this bacterium.
Salicylate and its derivatives are important as analgesics, antipyretics, anticoagulants, and anti-inflammatory drugs (15, 41) , and in addition, salicylate is also important in plants, where it induces flowering and is involved in resistance to systemic diseases through multiple signal transduction pathways (14) . The role of salicylate in iron metabolism in bacteria is much less clearly defined. Salicylate appears to be synthesized by the members of only four genera: Pseudomonas, Azospirillum, Yersinia, and Mycobacterium. For the former two genera, it has been suggested that salicylate acts as a siderophore in its own right (21, 35, 37, 40) , although this can only happen in the absence of competing ions such as phosphate, which quickly precipitate iron from ferrisalicylate and render the iron inaccessible for uptake into cells (34) . Thus, a role for salicylate as a siderophore must be very limited and could not, in any case, apply to pathogenic bacteria, which would encounter high concentrations of phosphate in host tissues (1) .
Salicylate also induces a multiple antibiotic resistance (mar) operon in Escherichia coli (5) : it binds to the MarR (repressor) protein and thereby decreases its affinity for operator sites containing the MarR recognition sequence in vitro (18) . Salicylate also inactivates EmrR, a MarR-like repressor of an unrelated promoter involved in efflux of several hydrophobic antibacterials in E. coli (38) . The elucidation of the sequence of the M. tuberculosis genome has identified two proteins similar to MarA of E. coli (6) , suggesting the operation of a mar system in mycobacteria. Salicylate therefore acts as a regulator of metabolism in a number of diverse systems, although its function in mycobacteria remains unclear.
In the present study, the function of salicylic acid has been examined in wild-type M. smegmatis mc 2 155 and mutant strains SM3, mc 2 1292, and S99. Some studies were also performed with a second wild-type strain, NCIMB 8548. The results confirm the central role of salicylate as the precursor of mycobactin and carboxymycobactin and, in addition, point to an as yet unidentified role(s) for it in the assimilation of iron.
MATERIALS AND METHODS
Strains and growth conditions. The phenotypic characteristics and sources of all of the strains used in the present study are given in Table 1 . Cultures (100 ml) were grown for 5 days at 37°C with shaking; cell dry weights and exochelin, mycobactin, and carboxymycobactin were estimated as previously described (30) . Salicylic acid and p-aminosalicylic acid (PAS) were obtained from Sigma. The salicylic acidrequiring mutant S99 was isolated from wild-type strain mc 2 155 by N-methyl-NЈ-nitro-N-nitrosoguanidine mutagenesis (13) . Transposon mutagenesis was performed by using a temperature-sensitive system (T. Parish and N. G. Stoker, personal communication).
Assay of salicylic acid. Cells were harvested by centrifugation. Culture supernatants were acidified with 10 M H 2 SO 4 to pH 1.5 to 2.0. The medium was filtered and extracted three times with 0.5 volume of chloroform; the extract was then washed with double-distilled water, and the solvent was allowed to evaporate under reduced pressure. The residue was dissolved in methanol-water (70: 30, vol/vol)-3% (vol/vol) acetic acid and analyzed by high-pressure liquid chromatography (HPLC) using a Lichrosorb RP-18 reverse-phase column (250 by 3.2 mm) at room temperature. Salicylic acid was eluted with a linear gradient of methanol-acetic acid-water (50:0.1:50, by volume) to methanol-water (70:30, vol/vol) running at 0.5 ml/min over 20 min and then holding at the final concentration for a further 20 min. All solvents were continuously degassed with helium. The eluate was continuously monitored at 296 nm. The efficiency of extraction for all concentrations of salicylic acid was 50 to 55%. Salicylic acid concentration was determined from a standard curve generated by using 2.5 to 100 g of salicylic acid; the detector response is linear within these limits, and correction was applied for the extraction efficiency.
Separation of salicylic acid and PAS. Salicylic acid and PAS were extracted as described above from the supernatants of the cultures grown in the presence of PAS and separated by HPLC at room temperature using KH 2 PO 4 -H 3 PO 4 (0.01 mol/liter, pH 2.3)-acetonitrile-methanol (70:25:5, by volume). The elution rate was 0.5 ml/min, and eluates were monitored by measuring A 237 (see Fig. 2 ). Salicylic acid and PAS concentrations were determined from the standard graphs generated by measuring A 237 and using 2.5 to 100 g of salicylic acid and PAS; the detector response is linear within these limits for both compounds.
SDS-PAGE of membrane proteins of M. smegmatis. Cell envelope proteins were extracted from cultures grown under conditions of iron deficiency or iron sufficiency after ultrasonication for 10 30-s periods with 15-s cooling intervals using a Dawe Soniprobe, type 7533A, as previously described (9) . The proteins were analyzed by sodium dodecyl sulfate (SDS)-10% polyacrylamide gel electrophoresis (PAGE) (16) .
RESULTS AND DISCUSSION
Isolation and characterization of a salicylic acid-requiring mutant. An attempt was made to isolate a salicylic acid-requiring mutant by transposon mutagenesis using a temperaturesensitive system (T. Parish and N. G. Stoker, personal communication), but for unknown reasons, no such mutant was isolated, although around 25,000 colonies were screened and the system did produce other auxotrophs at a frequency of 2.3 ϫ 10 Ϫ4 . Thus, N-methyl-NЈ-nitro-N-nitrosoguanidine was used to mutagenize M. smegmatis mc 2 155 as previously described (13) . Over 20,000 colonies were screened by replica plating on solid medium containing 25 g of salicylic acid per ml and a single salicylic acid-requiring mutant, designated S99, was found among 16 putative mutants.
Growth of S99 was directly proportional to the concentration of salicylic acid added to the growth medium, and optimal growth was achieved with 100 g of salicylic acid/ml (Fig. 1) . A decline in growth was noted with higher concentrations of salicylic acid under both low-and high-iron conditions. However, the growth of this mutant was only 60% of that observed in the parent, even in the presence of salicylic acid. The growth of parent strain mc 2 155 was not affected by up to 100 g of salicylic acid/ml under iron-deficient or iron-sufficient growth conditions. Salicylic acid at 1,000 g/ml, however, was lethal to both of the strains, irrespective of the iron status (Fig. 1) . This mutant produced all of the siderophores (exochelin, mycobactin, and carboxymycobactin) when grown with salicylic acid (see Table 3 ), suggesting that the mutation had not affected the conversion of salicylic acid to mycobactin and carboxymycobactin.
To characterize the auxotrophic nature of salicylate-requiring mutant strain S99, the growth medium was supplemented at 5 g/ml with various siderophores that normally occur in wild-type M. smegmatis. While exochelin and mycobactin failed to restore the growth of S99 under both low-and high-iron conditions, there was partial (50%) restoration of growth with carboxymycobactin or citrate, but only under iron-sufficient conditions and not under iron-deficient growth conditions (data not shown). A previous study (32) prompted us to assess the influence of 2,3-and 2,4-dihydroxybenzoic acids, which at 100 g/ml restored the growth of this present mutant, but only under high-iron conditions (data not shown). Mutant strain S99 failed to grow with any of the siderophores, added as ferric complexes, in the absence of salicylic acid and grew only very slightly when combinations of the siderophores were used ( Table 2 ). The growth of the mutant with ferrisiderophores as the sole source of iron was significantly enhanced only when salicylic acid was added. A combination of 2,3-or 2,4-dihydroxybenzoic acid or citrate and ferrimycobactin (sole source of iron) failed to support the growth of S99 (data not shown). Parent strain mc 2 155 grew better with the individual ferrisiderophores than it did in iron-deficient medium, indicating that the additional iron in the form of ferrisiderophores contributed to the extra growth of the cells ( Table 2 ). The results in Table 2 confirm the earlier finding that mycobactin could not replace or spare the salicylate requirement of a salicylate-requiring mutant (32) . In addition, the present work shows that neither mycobactin nor carboxymycobactin, nor exochelin, can substitute for salicylate, either individually or in combination. If salicylate acted simply as an extracellular siderophore, as had been suggested with Pseudomonas species and Azospirillum lipoferum (21, 35, 37, 40) , then one of the other mycobacterial siderophores should have been able to substitute for it, and if salicylate was needed only for mycobactin and/or carboxymycobactin synthesis, then either or both of these should have been adequate substitutes. As this did not occur, we conclude that salicylate must fulfill a second function that does not involve its further metabolism, as no compound containing a salicylate moiety, other than mycobactin or carboxymycobactin, has been recognized in mycobacteria (28, 31) . The evidence that salicylate acts as a siderophore for the solubilization and uptake of Fe(III) is, however, extremely tenuous: in the presence of phosphate ions, any ferric salicylate is rapidly converted to the insoluble ferric phosphate, which is not transportable (34) . However, synthesis of salicylate is considerably increased during iron-deficient growth, as opposed to iron-sufficient growth. Moreover, this increased synthesis occurs as an early response to the onset of iron deprivation (26) , thus firmly implying that its function, besides that of a mycobactin precursor, is connected with iron metabolism.
Iron regulation in mycobacteria. The production of salicylic acid and the siderophores is negatively regulated by iron in the two wild-type strains (Table 3) . Dusserget et al. (10) have shown that the synthesis of mycobactin and exochelin is regulated by the IdeR protein when activated by iron and that the synthesis of these siderophores is derepressed in mutant strain SM3. We have extended these observations by showing that 
a Cultures were grown for 5 days in glycerol-asparagine medium (100 ml), pH 7.6, in the presence of various iron sources. MM, minimal medium; SA, salicylic acid; A, 0.05 g of Fe/ml (iron-deficient medium); B, 2 g of Fe/ml (ironsufficient medium); C, 5 g of ferriexochelin/ml (equivalent to 0.32 g of iron/ ml); D, 5 g of ferrimycobactin/ml (equivalent to 0.32 g of iron/ml); E, 5 g of ferricarboxymycobactin/ml (equivalent to 0.32 g of iron/ml).
b 100 SA, salicylic acid at 100 g/ml. a Cultures were grown for 5 days in glycerol-asparagine medium (100 ml), pH 7.6, under low-iron (0.05 g of Fe/ml) and high-iron (2 g of Fe/ml) conditions and analyzed for the characteristics shown.
b The efficiency of extraction for salicylic acid and carboxymycobactin was 50 to 55%, and the equivalent correction factor has been applied for these values. S99 was grown in medium containing 100 g of salicylic acid/ml. Thus, salicylic acid from this strain could not be quantified.
c MM, minimal medium. d NG, no growth. e NQ, not quantified.
the synthesis of salicylic acid and carboxymycobactin is also derepressed in the IdeR-deficient mutant, suggesting that IdeR also mediates the regulation of their respective biosyntheses by iron. However, the pattern of regulation of salicylate synthesis differed from that of the siderophores since the production of salicylate in this mutant under high-iron conditions, unlike that of its parent strain (mc 2 155), was twice as high as under low-iron conditions (Table 3 ). In fact, the level of salicylic acid in the IdeR mutant was 10 times the concentration seen in the wild-type cultures grown under iron-deficient conditions. These results suggest that repression by IdeR is probably not the sole control mechanism for the synthesis of salicylic acid. In contrast, the siderophore levels under high-iron conditions were significantly lower than those found in irondeficient cultures, suggesting that the derepression was only partial. In addition, the concentrations of exochelin and mycobactin were lower in SM3 than in the wild-type strain grown under low-iron conditions, in agreement with the findings of Dusserget et al. (10) . The concentration of carboxymycobactin was similar to that found in the parent strain.
These results suggest that IdeR does not account for all adaptive responses to iron starvation and that additional mechanisms control the expression of the various components of the mycobacterial iron uptake machinery. In E. coli, expression of fepA, encoding the receptor for colicin B, which is necessary for ferric enterochelin uptake, has been shown to be partially derepressed in fur mutants while other ferric uptake genes are constitutively expressed (7), suggesting that fepA is under the control of an additional regulator. It is now clear that there are complex regulatory mechanisms for iron acquisition in some bacteria; for instance, multiple regulatory elements, in addition to Fur, have been described in Campylobacter jejuni (39) , Vibrio anguillarum, P. putida, and P. aeruginosa (7) . This view is further supported by the identification of multiple iron-dependent regulators in the M. tuberculosis genome (6, 44) .
Interestingly, salicylate synthesis was also considerably increased in the exochelin-negative mutant mc 2 1292 under both iron-sufficient and iron-deficient conditions (Table 3) , although salicylate was at its highest concentration in cells grown under iron-deficient conditions. This mutant also produced 55% more carboxymycobactin than its parent, allowing it to compensate for the lack of exochelin, and this, in turn, led to a decrease in the mycobactin levels in the cells. The increased production of carboxymycobactin by mc 2 1292 also explains how it is able to grow in the absence of exochelin (see also reference 11). Mycobactin and carboxymycobactin are derived from the same, as yet unidentified, precursor. The high concentration of salicylate present in the mc 2 1292 mutant suggests that the cells now have to rely entirely on the secondary routes of iron uptake in the absence of exochelin. Higher concentrations of salicylate may therefore be necessary to ensure maximum synthesis of carboxymycobactin, as well as optimal assimilation of iron into the cells.
PAS toxicity and resistance mechanism. PAS is a potent antitubercular drug (3, 43) . While M. tuberculosis is much more sensitive to inhibition by PAS than is M. smegmatis, which can tolerate high concentrations of PAS, its site of action remains unknown. We have now investigated the effect of PAS on the synthesis of siderophores and salicylic acid in M. smegmatis. All strains were grown with 100 g of PAS/ml and without PAS, and the cultures were then analyzed for formation of the siderophores. Salicylic acid was separable from PAS by HPLC (Fig. 2) and could therefore be quantified in its presence.
PAS at 100 g/ml prevented the growth of mutant S99 on salicylic acid under both low-and high-iron conditions (Table  3 ). In contrast, the growth of all of the other strains was only slightly affected (25 to 35% inhibition) and a 3-to 10-fold salicylic acid increase occurred in all strains that were able to grow in the presence of PAS, irrespective of the iron status of the medium. The production of carboxymycobactin increased by 50 to 55% in the two wild-type strains, as well as in the mutants SM3 and mc 2 1292 in the presence of PAS, whereas the mycobactin levels decreased (40 to 80%) in all of these cells under iron-deficient growth conditions. PAS (1 g/ml) completely inhibited the growth of mutant strain S99 under iron-deficient growth conditions (Fig. 3 ). An increase in the concentration of salicylic acid in the medium counteracted the toxic effects of PAS partially, but only under high-iron conditions. The present results support and extend the initial proposals that PAS is an antimetabolite of salicylic acid (3, 29) . The overproduction of salicylate in M. smegmatis in the presence of PAS (Table 3) indicates that PAS probably acts as an analog of salicylate and blocks the action of salicylate kinase, which forms salicyloyl-AMP from salicylate as the first step in mycobactin and carboxymycobactin synthesis (25) . However, this inhibition was not complete, as indicated by the continued synthesis of mycobactin and carboxymycobactin under ironrestricted conditions (Table 3) , and although mycobactin formation was decreased by this action of PAS, the synthesis of carboxymycobactin was increased. Overall, however, there was a diminished flux of salicylate along this pathway to the common precursor of mycobactin and carboxymycobactin. Extremely high concentration of salicylate accumulated in both SM3 (IdeR mutant) and mc 2 1292 (exochelin-deficient mutant) after their growth in the presence of PAS, reaching between about 5 and 8 mg/100 ml, respectively (Table 3 ). This increase could be attributed to the dual effect of the lack of repression of salicylate synthesis in both SM3 and exochelin-deficient strains and the probable inhibition of salicylate kinase by PAS.
The increased sensitivity of the salicylate auxotroph S99 to PAS also suggests that PAS is an antagonist of salicylic acid. With little salicylate being available in this mutant and with PAS gaining access to the cell via an uptake system separate from that of salicylate (3), PAS was clearly able to exert its inhibitory action without competition from salicylate. Even when an equal amount of salicylate was added with PAS in the medium, no growth took place (Table 3) . However, when the concentration of PAS was decreased to 1 g/ml, growth could be restored partially by adding salicylate at 100 g/ml, but only under iron-sufficient conditions (Fig. 3) . These results are explainable by salicylate and PAS having separate uptake systems and PAS being able to outcompete salicylate in whatever function salicylate normally fulfills. The addition of mycobactin to a previous salicylate auxotroph treated with PAS did not restore its growth (3), again indicating that salicylate has a role beyond mycobactin synthesis. As a mycobactin-requiring auxotroph of M. smegmatis also retained this high sensitivity to PAS, even in the presence of mycobactin (3), PAS could also act at additional sites other than the conversion of salicylate to mycobactin.
The much higher reported PAS sensitivity of pathogenic mycobacteria, where 1.0 g/ml is typically sufficient to cause inhibition (43) , might possibly be due to the lower concentrations of salicylate synthesized by them. M. bovis BCG grown under iron-deficient conditions accumulated only about 20% of the salicylate seen with M. smegmatis (33) , but this could also have been due to increased uptake of PAS via the paminobenzoate permease (3). Either case would lead to a higher intracellular concentration of PAS and a higher PASsalicylate ratio in the cells, which is clearly crucial for effective inhibition.
Expression of the 29-kDa envelope protein. The uptake of ferrisiderophore complexes is mediated by specific proteins that occur on the outer membrane surface of microbial cells (23) . In order to study the consequence of mutation on the expression of these proteins, the envelope protein profile was analyzed in all of the strains. The 29-kDa iron-regulated envelope protein described by Hall et al. (12) and considered by Dover and Ratledge (9) to be a possible exochelin-binding protein was found to be constitutively expressed in the NCIMB wild-type strain, irrespective of the iron status of the medium (see lanes 1 and 4 in Fig. 5C ), in accordance with Dover and Ratledge (9) . The N-terminal sequence of this protein shows 75% homology to that of a 29-kDa protein of M. tuberculosis which has been reported to show increased expression under iron-sufficient cells (4) . Surprisingly, all of the strains derived from mc 2 155 showed increased expression of this 29-kDa protein under high-iron conditions, with the single exception of the S99 mutant strain, in which diminished synthesis was evident, irrespective of the iron status of the growth medium (lanes 7 and 8 of Fig. 4) .
To investigate whether the decrease in the 29-kDa protein was the result of a pleiotropic effect of the mutation in strain S99, or the consequence of the high concentration (100 g/ml) of exogenous salicylic acid required for its growth, strain SM3 and parental strain mc 2 155 were each grown in the presence of 25 and 100 g of salicylic acid per ml under low-and high-iron conditions ( Fig. 5A and B) . There was a marked decrease of the 29-kDa protein in mc 2 155 grown with 25 g of salicylic acid/ml and complete repression of the protein with 100 g of salicylic acid/ml. However, the effect of salicylic acid was seen only under iron-deficient conditions, leaving the 29-kDa protein unaltered under iron-sufficient conditions. There was no significant change in this protein in SM3, the IdeR-deficient mutant. The results obtained with wild-type strain NCIMB 8548 (Fig. 5C ) were similar to those obtained with mc 2 155. These results suggest a possible interaction between salicylic acid and the regulatory protein IdeR to bring about repression of the synthesis of the 29-kDa protein. Surprisingly, PAS, like salicylic acid, also repressed the formation of this protein in the wild-type mc 2 155 strain, and again, this effect was only seen under iron-deficient conditions (Fig. 6) . The combination of PAS and salicylic acid led to a decrease in the 29-kDa protein even under iron-sufficient conditions. Conclusions. Our results lead us to suggest that salicylate fulfills three distinct roles. First, salicylate acts as the precursor of mycobactin and carboxymycobactin, and PAS clearly inhibits the first reaction of this pathway, causing additional accumulation of salicylate. Second, salicylate is probably involved in the intracellular transfer of iron from the siderophores exochelin, carboxymycobactin, or mycobactin following the reduction of Fe(III) to Fe(II), which allows the iron to be desequestered (19) . Ferrosalicylate could then transfer the iron into bacterioferritin, which acts as the cytoplasmic store of iron (28) , and also into apoproteins and porphyrins. If this second role were proved to be correct, then this could explain the dependency of the salicylate auxotroph S99 on salicylate for utilization of the iron from ferrisiderophores (Table 2) . Interestingly, when M. smegmatis was grown under iron-sufficient conditions, which is when the concentration of bacterioferritin would be optimal, either 2,3-or 2,4-dihydroxybenzoic acid could restore the growth of the S99 auxotroph. Thus, as these two phenolic acids would serve to complex Fe(II) similarly to salicylate, the loading of iron into bacterioferritin might be accomplished by alternatives to salicylate. Citrate, which also supported limited growth of the auxotroph under iron-sufficient conditions, may also be capable of acting as an Fe(II) transfer agent. This role of salicylate, as a means of moving and transferring Fe(II) from molecule to molecule, may not be entirely stringent, but as under iron-deficient conditions, the dihydroxybenzoic acids and citrate do not substitute for salicylate, this suggests that salicylate then fulfills a further and separate role under such conditions.
The third role for salicylate could be as a signal molecule to recognize the iron status within the cell. Salicylate would then be expected to act together with the IdeR protein that is 4) and the parent strain mc involved in the regulation of a number of genes associated with iron metabolism (10) . Support for this hypothesis comes from the expression of the 29-kDa envelope protein. Antibodies against this protein prevented iron uptake into whole cells in the presence of ferriexochelin (12) , suggesting that it is involved in iron uptake as a putative exochelin receptor (9) . The N terminus of this protein is distinctive (24) and shows 75 to 90% homology to several proteins: N termini of a DNA-binding protein (HupB) (6), 28-and 29-kDa proteins from M. tuberculosis (4), a histone-like DNA-binding protein from M. smegmatis (17) , and a 40-kDa outer membrane protein of M. smegmatis (22) . The repression of the 29-kDa protein by salicylate suggests a commonality with salicylate binding to the repressors MarR and EmrR of E. coli and inhibition of their function (18, 38) . As there are reports of mar-like systems in mycobacteria (20) , salicylic acid could also modulate gene expression in mycobacteria, perhaps by interacting with IdeR, and thereby serve as an iron signal molecule.
Cloning and characterization of the putative salicylate synthetase gene(s) from M. tuberculosis are under way, and preliminary studies indicate that entD (6) could be involved in the formation of salicylate in mycobacteria. However, it is possible that both entD and trpE2 (mbtI) (6, 25) are involved in the formation of salicylate.
